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DETAILED ACTION 

Response to Arguments 

1 . Applicant's arguments filed 8/13/2007 have been fully considered but they are 
not persuasive. 

Applicant argues with respect to claims 1-10, that McDowell does not teach determining 
the point correspondences between two cameras by measuring the displacement of the 
interrogation fields in the camera images by means of optical cross-correlation. 

However, McDowell teaches in col. 6, lines 39-65 that point correspondences 
between the two cameras are calculated from the two-dimensional camera views 
(interrogation fields). Each individual camera has its own coordinate system (+Xi, +Yi, 
+Zi) for the first camera and (+Z 2 , +X 2 , +Y 2 ) for the second camera. The relationship 
(point correspondences) between the two camera coordinate systems must be 
determined to correlate the two-dimensional camera determined measuremens to real, 
three-dimensional positions in an absolute coordinate system (+X W , +Y W , +Z W ). 
McDowell discloses the method in which this optical correlation is determined in col. 6, 
line 66 to col. 7, line 65. 

Applicant further argues that the reference does not describe a calibration as a 
precursor to a PIV method, stereo PIV method, or 3D PIV method. 
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However, the McDowell reference clearly describes "the camera calibration 
approach of the present invention can be divided into the following nine steps" in col. 7, 
line 66 to col. 8, line 21. 

Thus the rejections of independent claiml and all dependent claims are 
sustained. 

Claim Objections 

2. Claims 1 and 6 are objected to because of the following informalities: 

Claim 1 : in the first two lines of page 3 of the Claims submitted 8/1 3/2007, the 
limitation "the point correspondences and the displacement of respective interrogations 
is" is repeated from the last line of page 2 of the Claims. 

Claim 6: in the first line of claim 6 on page 4 of the Claims, it appears that the 
limitation should read "The method according to claim 1 ..." The examiner will examine 
claim 6 as dependent on claim 1 . 

Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

3. Claims 1-6, 9, and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over McDowell (US 5,905,568). 

As to claim 1, McDowell et al. discloses a method for determining the imaging equation 
for self calibration (col. 7, line 47-col. 8 line 30) with regard to performing stereo-PIV 
methods on visualized flows (see col. 2, lines 42-48), said method being comprised of: 
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• providing at least two cameras (col. 2, line 65 - col. 3, line 2) and one image sector 
(Fig. 1A), with the cameras viewing approximately a same area of an illuminated 
section but from different directions (Fig. 1A); 

• taking first and second images using respectively first and second camera of the two 
cameras, the first and second images respectively having corresponding 
interrogation areas (col. 7, lines 14-46); 

• determining point correspondences between the two cameras by measuring a 
displacement of respective interrogation areas in the first and second images using 
optical cross-correlation (col. 3, lines 27-39); and 

• determining the imaging equation by means of an approximation method, using 
known internal and external camera parameters and the point correspondences and 
the displacement of respective interrogation areas (col. 7, lines 49-52); 

But is silent regarding wherein the two images are taken simultaneously. McDowell 
teaches wherein the left camera view and the right camera view are calibrated 
separately. This teaching does not preclude the calibrations from happening 
simultaneously. In fact, McDowell teaches that the cameras can record the two views 
simultaneously during operation (col. 5, lines 9-10; col. 13, line 65-col. 14, line 10). 
Therefore, it would have been obvious to one of ordinary skill in the art to have 
performed the calibration simultaneously for quick operation. 

As to claim 2, McDowell et al. teaches the method according to claim 1 , wherein the 
internal camera parameters include focal length (col. 7, lines 18-19 and 35-36), position 
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of optical axes (x 0 , yo) (col. 6, lines 29-36) and distortion parameters of camera optics 
(e.g. "camera aberrations"; see col. 4, line 2). 

As to claim 3, McDowell et al. teaches the method according to claim 1 , wherein the 
external parameters include position and orientation of the cameras relative to each 
other (col. 3, lines 18-20). 

As to claim 4, McDowell et al. teaches the method according to claim 1 , wherein if 
position of the illuminated section relative to a coordinate system of a known imaging 
equation is unknown, the position of the illuminated section is determined using the 
point correspondences (col. 3, lines 35-39). 

As to claim 5, McDowell et al. teaches the method according to claim 1 , wherein if one 
or several of the internal camera parameters are known, other ones of the internal and 
external camera parameters are determined using the point correspondences in order 
to thus determine the imaging equation (col. 7, lines 55-65). 

As to claim 6, McDowell et al. teaches the method according to claim 1 , further 
comprising: 

• taking two or more camera images respectively by the at least two cameras at 
sequential times t 0 to t n (col. 12, lines 33-36), 
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• determining a two-dimensional correlation function c 0 (dx, dy) to c n (dx, dy) by 
means of optical cross-correlation at each time to to t n using corresponding ones of 
the images (centroid determination col. 9, lines 30-46), 

• adding up the correlation functions c 0 to c n (Eq. 1 ); 

• determining correlation peaks and a highest correlation peak, and 

• determining the displacement dx, dy of the respective one of the interrogation areas 
and, as a result thereof, the point correspondences being determined after based on 
the determination of the highest correlation peak (A global-optimization scheme, e.g. 
GESA algorithm in col. 1 3, lines 30-41 , determines the best match of the tracer 
particle tracks, i.e. correlation peaks, and point correspondences are determined; 
col. 12, line 66-col. 13, line 12). 

As to claim 9, McDowell et al. teaches the method according to clam 1, wherein each of 
the two cameras takes in short succession two images and that additional point 
correspondences are determined using a cross-correlation between the images at the 
times t and t+dt (col. 5, lines 41-54). 

As to claim 10, McDowell et al. teaches the method according to claim 1 , wherein 
optical axes of the at least two cameras are disposed coplanar to each other, (i.e., 
When the principal optical axes "Zi and Z 2 " of the two cameras are equal.) (See col. 6, 
lines 39-50.) 
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4. Claims 7 and 8 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
McDowell et al. (US 5,905,568) in view of Meng, Xiaoqiao and Hu, Zhanyi "A new easy 
camera calibration technique based on circular points." 

As to claim 7, McDowell et al. teaches the method according to claim 1 , but does not 
teach wherein the approximation method is based on the Levenberg-Marquardt 
algorithm. 

Meng, Xiaoqiao and Hu, Zhanyi "A new easy camera calibration technique based 
on circular points." (Meng and Hu) teaches wherein the approximation method is based 
on the Levenberg-Marquardt algorithm (section 2.2 of Meng and Hu). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have used the Levenberg-Marquardt algorithm of Meng 
and Hu with the method of McDowell et al. to "optimize a cost function by solving with a 
standard optimization algorithm." (see section 2.2 of Meng and Hu). 

As to claim 8, Elder et al. teaches wherein the RANSAC algorithm is superimposed on 
the Levenberg-Marquardt algorithm (section 2.3 of Meng and Hu). 

5. Claims 11 and 14 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over McDowell et al. (US 5,905,568) in view of Raffel et al. (US 5,610,703). 
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As to claim 1 1 , McDowell et al. teaches the method according to claim 6, but does not 
teach wherein a section thickness of illuminated sections corresponding to respective 
timing of the images is determined through a width of the correlation peaks and a 
geometrical factor and that, together with the position of the illuminated sections in 
space, said thickness serves to determine an overlap between the illuminated sections 
and whether they are suited for PIV measurement. 

Raffel et al. teaches wherein a section thickness (e.g., light sheet thickness; col. 
6, line 54) of illuminated sections corresponding to respective timing of the images is 
determined through a width of the correlation peaks and a geometrical factor and that, 
together with the position of the illuminated sections in space, said thickness serves to 
determine an overlap between the illuminated sections and whether they are suited for 
PIV measurement, (see col. 6, lines 47-56). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have used the overlap determination of Raffel et al. with 
PIV imaging method of McDowell et al. so that "the ambiguity of the sign of the out-of- 
plane velocity component can be removed." (See col. 6, lines 59-61 of Raffel) 

As to claim 14, this claim differs from claim 11 only in that the limitation "image 
geometry" is recited in place of "a geometrical factor." Thus claim 14 is analyzed as 
previously discussed. Raffel et al. clearly teaches "image geometry" (e.g., interrogation 
windows; see col. 6, lines 31-40). 
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6. Claims 12 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over McDowell et al. (US 5,905,568) in view of Walker, Stephen "Two-Axis Scheimpflug 
Focusing for Particle Image Velocimetry". 

As to claim 13, McDowell teaches the method according to claim 5, but does not teach 
wherein if a Scheimpflug adapter is used and with assumption that said Scheimpflug 
adapter is optimally adjusted, an angle between a camera chip and a main axis and a 
position of a principal point on the camera chip are computed from the external image 
parameters and need not be fitted as a result thereof. 

Walker, Stephen "Two-Axis Scheimpflug Focusing for Particle Image 
Velocimetry" (Walker) teaches wherein if a Scheimpflug adapter is used and with 
assumption that said Scheimpflug adapter is optimally adjusted, an angle between a 
camera chip and a main axis and a position of a principal point on the camera chip are 
computed from the external image parameters and need not be fitted as a result thereof 
(see Section 2.1, Fig. 1a, and Fig. 1b of Walker). 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have used the Scheimpflug adapter of Walker with the 
method of McDowell et al. to "permit focusing on a plane from a non-orthogonal position 
relative to the plane of measurement." (See Section 1 of Walker.) 

As to claim 12, Walker teaches wherein with assumption of focusing on the particles in 
the illuminated section during the approximation method, an image width is calculated 
as a function of focal length of objectives of the two cameras and of a spacing between 
the illuminated section and the two cameras and needs not be fitted as a result thereof 
(see equation (1) of Walker). 

Conclusion 

7. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See M PEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 



Application/Control Number: 10/725,903 Page 1 1 

Art Unit: 2622 

the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to CHIA-WEI A. CHEN whose telephone number is 
(571)270-1707. The examiner can normally be reached on Monday - Friday, 7:30 - 
17:00 EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, NgocYen Vu can be reached on (571) 272-7320. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Chia-Wei A Chen/ 
Examiner, Art Unit 2622 
08/04/2008 

/Ngoc-Yen T. VU/ 
Supervisory Patent Examiner, Art Unit 2622 
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